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Abstract 

A theory is  developed on the damping process i n  a turbulent plasma (non- 
l i n e a r  Landau damping). 
f l uc tua t ions ,  generate a chain of equations fo r  t h e i r  cor re la t ions .  
fou r th  order cor re la t ions  a r e  degenerated in to  lower orders,the chain becomes 
closed, The r e s u l t  shows t h a t  the  decay of the e l e c t r o s t a t i c  wave energy i s  
governed by a l i nea r  damping mechanism, i.e, the  l i nea r  Landau damping of waves- 
which is  independent of t h e  amplitudes, and a turbulent  damping depending on the 
amp1 i tudes  . 

The Vlasov-Poisson equations, describing the  turbulent  
I f  the 

% 
W e  assume the  background d i s t r ibu t ion  funct ion f (v )  t o  be a given func- 

t i o n  of v ; then the f luc tua t ion  

derived from the  Vlasov equation: 

F(t,5:) s a t i s f i e s  the  following equation, 

or ,  in  the form of its Fourier  transform in  wave-number k , 
N 

Wt,S v,)  
at 

af e a dk'kk'Wt,k')  F( t ,k  - k',v) + i k  v F = $ k @(t,k) - + - -  
N N N  N N  U N  u - a v  m b  
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where i s  the se l f -cons is ten t  e l e c t r i c  f i e l d ,  and b, i s  its correspond- 

ing  po ten t i a l ,  defined by : 

I n  order t o  d i s t ingu i sh  between the var ious spec ies  of p a r t i c l e s ,  an 

index j may be added i f  necessary. Further  t he  Poisson equation i s  

where nj and e j  a r e  respec t ive ly  the  number dens i ty  and the charge f o r  the  

species  j . 
Upon in tegra t ion  of (1) and use of ( 2 ) ,  w e  obta in  the  rate of change of 

the  e l e c t r i c  co r re l a t ion ,  as given by the following equation: 

- i k  v ( t - t  ) 
t W 2 -  a + G dv k v dk'k'. g I d t l  e - -  1 

N H  N " 
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where t '  is the i n i t i a l  t i m e  which can be set equal t o  zero. Since t is  

taken t o  be large,  the  contr ibut ion from the  i n i t i a l  d i s t r i b u t i o n  function 

F ( t ' )  is neglected. 

For a s t a t iona ry  and homogeneous turbulence, we can introduce the def i n i -  

t ions : 

where 0 represents  the  p a i r  of var iables  

i n t e g r a l s  en ter ing  i n  (3) a r e  simply the Fourier transforms of I and Q 

(w  , k-) . We note tha t  the  two 

, 

respec t ive ly ,  and hence (3) becomes a f t e r  such a transform, 

n 

As shown i n  Appendix (A8),  we have: 3' 
\ A  
n - 
+. 

*. 

t 
c- 
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b 
N 

t he  func t ion  1.1 
Ihz ' with  G , defined there.  For a given amplitude 

i s  determined by the  in t eg ra l  equation (A7). 
cy 

Upon s u b s t i t u t i o n  of (5), we 

can rewrite (4) as follows: 

where 

+ Y + Y ,  
9 

2 
(lJ 

J af, 

We conclude t h a t  the expression (7a) fo r  the  t o t a l  damping 

laminar damping (7b), i.e. l i n e a r  Landau damping, and a turbulen t  damping (7c), 

which depends on the amplitudes I, as involved i n  (7d). 

7 cons i s t s  of a 

We note t h a t  t he  pre- 

sen t  method of t he  der iva t ion  of the  decay of t he  e l e c t r i c  energy gives t h e  

damping coe f f i c i en t  

eigen value ca lcu la t ions  . 
y i n  a s i m p l e  and d i r e c t  manner, without involving the  
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APPENDIX A .  CORRELATION FUNCTIONS IN A TURBULENT PIASMA 

Introducing a Fourier transform for the disturbance of the distribution 

f unc t ion, 

i n  (11, where n is the pair (0 , k 1, d O= d u  dk and 
H - '  N 

6( f$  = 6(0) 6(k)  , we 

obtain: 

with the operator 

a - e l  
m u - k v  aV g (VJ = - - 

-n N C U  w 

W e  shall  treat the turbulence as stationary and homogeneous, and define 
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A s  a cha rac t e r i s t i c  behavior of nonlinear problems, we expect to generate,  

from the  system of equations ( A l )  and (2 ) ,  a chain of equations with ever  in- 

creasing orders  of co r re l a t ion  funct ions.  Such a chain i s  cu t  off  by rep lac ing  

the  quadruple cor re la t ion  funct ion by products of double c o r r e l a t i o n  funct ions,  

and becomes 

is  the operator 9 where 

We can eliminate q from ( 2 )  and (A4)  t o  obtain:  
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.- 
with the operator 

Define 
k 

W e  note that e i s  the dielectric  constant for a laminar plasma. cz 
If we write P in  the form: 

H 

depends on f and I ,we obtain from (A3) and (A5) the following n where 

equation determining n: 
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Here 

i n  t h e  form: 

gives the  e f f e c t i v e  d i e l e c t r i c  c o e f f i c i e n t  f o r  a turbulent  plasma 0 

As we could expect and v e r i f y  by means of (A2)  and (A6) ,  the d ispers ion  

r e l a t i o n  is given by 

We note t h a t  we  can write (A5) i n  a n  a l t e r n a t e  form i n  terms of E as follows: 
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